Spirulina platensis can be regarded as an alternative and promising food ingredient due to their nutritional composition, richness in bioactive compounds, and because they are considered a sustainable protein source for the future. The objective of this study was to prepare fresh spaghetti enriched with different amounts of Spirulina platensis and to compare the fatty acid profile of spaghetti before and after cooking, with standard semolina spaghetti. The results showed that fatty acid profile of spaghetti prepared with Spirulina platensis incorporation, presented a high resistance to the thermal treatment applied during the cooking procedure. Increase the amount of Spirulina platensis lead to increase of fatty acids both in raw and cooked spaghetti.
INTRODUCTION
Pasta is favoured by consumers for its versatility, ease of transportation, handling, cooking and storage properties, availability in numerous shapes and sizes, high digestibility, good nutritional qualities and relatively low cost. Therefore, pasta can be used as carrier of specific compounds. It is traditionally manufactured from durum wheat semolina (Rakhesh et al., 2015) . Durum wheat semolina is the base material for spaghetti, fusilli, and other pasta products. Semolina is processed by adding water, extruding the dough into the desired shape -which gives its characteristic flavour and drying it under well controlled conditions to prevent the development of cracking. Dry pasta is basically made of starch granules uniformly dispersed in a continuous protein phase known as gluten. When pasta is extruded in long cylindrical shape with a diameter between 1 and 2 mm it is given the commercial name of spaghetti (Guinea et al., 2004) . In recent years, different healthy ingredients have been used in the production of pasta to enhance its nutritional profile or to functional properties. However, the amount of raw material that can be used as a substitute for wheat flour or can be added to wheat flour represents a compromise between nutritional improvement and satisfactory sensorial properties of pasta (Chillo et al., 2008) .
The commercially produced multicellular microalgae, Spirulina platensis, is widely consumed by humans in the Aegean area of Turkey as a food additive or a whole food (Diraman et al., 2009) .When the algal cells or filaments of spirulina are transformed into powder it can provide the basis for a variety of food products, such as soups, sauces, pasta, snack foods (Vonshak, 1990) . Spirulina itself or its components including fatty acids omega-3 or omega-6, beta carotene, alpha-tocopherol, phycocyanin, phenol compounds effective to treat certain allergies, anemia, cancer, hepatotoxicity [toxicity of the liver], viral and cardiovascular diseases, hyperglycemia [high blood sugar], hyperlipidemia [high cholesterol and triglycerides], immunodeficiency, and inflammatory processes (Chamorro et al, 2002) . Spirulina platensis is a rich source of vitamins, antioxidants and γ-Linolenic (GLA) with medicinal and nutritional values (Belay, 2002) . γ-linolenic acid (GLA) is a commercially important polyunsaturated fatty acid (PUFA), is effective in lowering plasma cholesterol and in stimulating prostaglandins and has been used as a dietary supplement for the treatment of various chronic health problems (Kay, 1991) . GLA has also been found to be an important nutrient for the prevention of certain skin disorders, such as psoriasis (Ziboh and Fletcher, 1992) . GLA is being found useful in the treatment of arthriti (Belch et al., 1988) . Three major bioactive components of Spirulina, the protein phycocyanin, sulfated polysaccharides, and γ-linolenic acid (GLA) seem to play significant roles in imparting improved human body functionsthe available clinical evidence does not indicate a serious risk to health or other public health concerns due to Spirulina (Dan and Kamilkuca, 2016) .
The aim of the present study is to prepare spaghetti enriched with different amounts of Spirulina platensis (0.5, 1.0 and 2.0 g/100 g DW) as natural source of fatty acid , and to compare their fatty acid profile before and after the cooking process, in order to conclude about their stability to the thermal process. The effect of this incorporation on the sensorial attributes of the pasta was also evaluated.
MATERIALS AND METHODS

Spirulina platensis Production
Spirulina used in this study was isolated from El-Khadra Lake (Wadi El-Natrun) Spirulina was cultivated in Zarrouk's medium (Zarrouk, 1966) . Semi continuous cultivation was carried out in two-liter Erlenmeyer flasks containing an initial volume of 1.8 litres of Zarrouk's medium and an initial S. platensis biomass concentration of 0.15 g/l. Aeration was accomplished using diaphragm pumps to produce a flow rate of 20 l/hr., of air (Costa et al., 2002) and 40 W fluorescent lamps provided an illuminance of 2500 lux.The whole apparatus at 30°C with a 12 hr., light/dark photoperiod (Vonshak et al., 1982) . When the S. platensis biomass concentration in the culture reached a predetermined level (0.50 or 0.75 g/l) a portion of the medium (25 or 50% (V/V), was removed and the same amount of fresh medium added, each experiment being with the duration of about 90 days (2160 hr.). Each day samples were collected aseptically and frozen and then freezdrying.
Fresh Pasta Production
Fresh pasta was produced from commercial durum semolina flour, water and Spirulina platensis at (0.5, 1.0 and 2.0 g/100 g DW) and without Spirulina platensis as a control sample. The mixture was extruded as spaghetti (1.5 mm diameter, 200 mm length) using a benchtop pasta maker (Biffinet, Verona, Italy). Different pasta treatments were dried at 60°C for 5 min, until final moisture of 30-32 g/100 g. Ten gram of each pasta was cooked in 100 ml boiling distilled water until optimum cooking time, considered as the time necessary to obtain complete gelatinization of starch, shown by the disappearance of the white central core, after having pressed the spaghetti strand between two transparent glass slides (Edwards et al., 1993; Tudorica et al., 2002; Brennan et al., 2003) .
Chemical Composition
The major biochemical constituents such as crude protein, ash, lipids, carbohydrates and moisture content were determined in Spirulina platensis from El-Khadra Lake (Wadi El-Natrun). Total protein was determined by the conventional Micro-Kjeldahl method (AOAC, 2000) . The moisture and ash were determined according to AOAC (2000). Total carbohydrate contents of Spirulina platensis were determined according to the Renol-Reaction method of (Gerhardt et al., 1981) , total lipids were extracted from Spirulina platensis dry weight according to (AOAC, 2000) . Using Soxhelet method apparatus. Fatty acid methyl esters (FAMEs) of the total lipid were prepared by transesterifiction using 2% sulphuric acid in methanol (Christie, 1993) . The fatty acid analysis was done by gas chromatography (Perkin Elmer Auto System xl) equipped with flame ionization detector and DB5silica capillary colum (60 m × 0.32 mm i.d.), the oven temperature was maintained initially at 45°C and programmed to 60°C at a rate 1°C/min, then it programmed from 60°C to 240°C at a rate 3°C/min. Helium was used as the carrier gas at flow rate 1 ml /min. the injector and the detector temperatures were set at 230°C and 250°C, respectively.
Sensory Analysis
A sensory evaluation of the fresh spaghetti containing Spirulina platensis, as well as the control semolina spaghetti, was conducted in order to evaluate the impact of Spirulina platensis on the sensory properties. Fifteen untrained individuals (six men and nine women, aged between 28 and 45) were asked to indicate colour and resistance to break of uncooked spaghetti and adhesiveness. Colour, odour and taste were evaluated for cooked samples (Padalino et al., 2013) . To this aim, a nine-point scale, where 1 corresponded to extremely unpleasant, 9 to extremely pleasant and 5 to the threshold acceptability, was used to quantify each attribute (Petitot et al., 2009 a and b) . On the basis of the above-mentioned attributes, panellists were also asked to score the overall quality of the products using the same 1-9 scale.
RESULTS AND DISCUSSION
Spirulina and Spaghetti Composition
The chemical composition of freeze-dried Spirulina platensis was determined and the results are presented in (1984) reported that increasing the nitrogen level in the nutrient medium leads to an increase in the biomass and protein content in spirulina. The major fatty acids (% of total fatty acids) in raw and cooked control spaghetti and enriched with 0.5, 1.0 and 2.0 Spirulina platensis spaghetti were carried out and the results are presented in Tables 2 and 3 . The main concern in the present study was the occurrence of polyunsaturated fatty acids (PUFA) in spaghetti with Spirulina platensis. (PUFA) have a significant nutritional importance. The enrichment of spaghetti with 0.5, 1.0 and 2.0 Spirulina platensis lead to the occurrence of γ-Linolenic acid (GLA) in spaghetti before and after cooking (Tables 2 and 3) . While, γ-Linolenic acid (GLA) was absent in spaghetti without Spirulina platensis (control). In testing both chlorella and Spirulina for GLA it was found that Spirulina had "unusually high levels of GLA, an essential polyunsaturated fatty acid." (Otles and Pire, 2001) . The increase of the amount of Spirulina platensis lead to increase of fatty acids (C16:0, Palmitic acid; C17:0, Margaric acid; C18:0, Stearic acid; C18:1, Oleic acid; and C18:3, γ-Linolenic acid) both in raw and cooked spaghetti.
Sensory Evaluation
Spaghetti prepared with addition of (0.5, 1.0 and 2.0 g) Spirulina platensis is presented in (Figs. 1 and 2) . Spaghetti enriched with Spirulina platensis had an appealing colour, increasing colour intensity with concentration (Fig. 1) . The colour of Spirulina platensis spaghetti remained relatively stable after cooking (Fig. 2) . The addition of Spirulina platensis resulted in an increase in the raw pasta firmness when compared to the control sample. Table 4 shows the results of sensory evaluation of Spirulina platensis spaghetti samples. Sensory results highlight that all spaghetti samples recorded a positive overall quality score. In particular, spaghetti enriched with (1.0 g Spirulina platensis) had the highest, mainly due to an improved resistance to break and colour. On the contrary, spaghetti enriched with (2.0 g Spirulina platensis) showed the smallest overall quality score as compared to the other samples. Some individuals detected a strange flavour (fish flavour) in the spaghetti prepared with 2.0% which were the samples that also obtained lower scores for the attributes of odour and taste.
Conclusions
Spaghetti product was successfully produced by adding Spirulina to semolina flour. Spaghetti prepared with Spirulina presented a chemical composition richer than the control in fatty acids especially Palmitic acid, Oleic acid and γ-Linolenic acid (GLA).
Spirulina platensis spaghetti presented very appellative colors, such as orange and green, similar to pastas produced with vegetables, with nutritional advantages. The use of Spirulina platensis can enhance the nutritional and sensorial quality of pasta, without affecting its cooking and textural properties.
The textural characteristics of the spaghetti, namely firmness, are positively affected by the inclusion of Spirulina, when compared to the control. The increase of spaghetti firmness may be related to the addition of components rich in protein that, probably have a significant influence in the reinforcement of the gluten network. 
